We propose a model that links a firm's decision to go public with its subsequent takeover strategy. A private bidder does not know a firm's true valuation, which affects its gain from a potential takeover. Consequently, a private bidder pursues a suboptimal restructuring policy. An alternative route is to complete an initial public offering (IPO) first. An IPO reduces valuation uncertainty, leading to a more efficient acquisition strategy, therefore enhancing firm value. We calibrate the model using data on IPOs and mergers and acquisitions (M&As). The resulting comparative statics generate several novel qualitative and quantitative predictions, which complement the predictions of other theories linking IPOs and M&As. For example, the time it takes a newly public firm to attempt an acquisition of another firm is expected to increase in the degree of valuation uncertainty prior to the firm's IPO and in the cost of going public, and it is expected to decrease in the valuation surprise realized at the time of the IPO. We find strong empirical support for the model's predictions.
I. Introduction
Recent empirical studies suggest that firms' initial public offerings (IPOs) and mergers and acquisitions (M&As) are not unrelated. According to a survey of 336 CFOs by Brau and Fawcett (2006) , facilitating potential takeover transactions is one of the most important motivations for going public. Schultz and Zaman (2001) find evidence that many Internet firms that went public in the late 1990s pursued aggressive post-IPO acquisition strategies. Celikyurt, Sevilir, and Shivdasani (2010) report that newly public firms grow predominantly through M&As in the first 5 post-IPO years. Similarly, Hovakimian and Hutton (2010) report that over 1 /3 of newly public firms enter the market for corporate control as acquirers within 3 years of the IPO. Rau and Stouraitis (2011) find that IPO waves are followed by stock-financed merger waves. Maksimovic, Phillips, and Yang (2010) document that public firms engage in mergers more than private firms.
There are two existing theories that suggest that IPOs may facilitate future acquisitions. First, a private bidder contemplating a stock merger may decide to go public to alleviate the asymmetric information problem (e.g., Hansen (1987) , Fishman (1989) , and Eckbo, Giammarino and Heinkel (1990) ). These information-asymmetry-based theories provide an explanation for the link between IPOs and stock acquisitions, but they do not explain post-IPO cash acquisitions, which constituted over 1 /4 of acquisitions in the last 30 years, while the acquisition currency of another 20% of M&As was a mixture of cash and stock. Second, an IPO could be a means to obtain cash to be used in future acquisitions (e.g., Mikkelson, Partch, and Shah (1997) ). However, there are many IPOs in which very little external capital is raised. For example, 100 IPOs between 1985 and 2006 involved only a secondary component (i.e., no external funds were raised during these IPOs), including IPOs by well-known companies such as Lucent Technologies and Morningstar, and IPOs of many more firms involved a relatively small primary component. Many such firms have acquired other companies shortly after their IPOs. 1 The cash infusion theory cannot explain the link between IPOs and subsequent cash mergers by firms that raised no or little external funds during their IPOs.
An interesting feature of many IPOs that are later followed by acquisitions of other companies is that a newly public firm is more likely to acquire other firms if it realizes a positive "valuation surprise" around its IPO (i.e., if the firm's realized post-IPO valuation is substantially higher than its expected post-IPO value). On the other hand, firms that realize negative valuation surprises around their IPOs are less likely to pursue acquisitions in the future. This observation is potentially consistent with an alternative theory linking IPOs and subsequent M&As that we propose in this paper, which complements the information-asymmetry-based and cash-infusion-based theories of IPOs facilitating future acquisitions.
Absent market valuation, there is uncertainty surrounding the value of a private firm's capital, which affects the gain from a potential takeover if the firm chooses to merge with another firm in the future. A private firm, not knowing the precise value of its capital, is unable to make optimal takeover decisions. Thus, valuation uncertainty leads to suboptimal M&A policy and reduces firm value. An IPO reduces valuation uncertainty and allows the firm to pursue a more efficient acquisition strategy or, in other words, to exercise its restructuring option optimally. Importantly, while firms raising no external funds during their IPOs serve as a good illustration of the valuation-uncertainty-based theory of mergerdriven IPOs, our theory can be applied to a much broader set of firms considering going public in anticipation of future acquisitions, since our model complements the existing theories linking IPOs and M&As along a number of important dimensions.
First, the timing dimension is very important in our model. The optimal exercise of the option to go public and the option to merge leads to novel predictions about the time that elapses between an IPO and a subsequent merger and about the probability of observing an acquisition by a newly public firm in the years following its IPO. Thus, in addition to providing a novel link between IPOs and mergers, our model generates a number of unique empirical predictions that relate the likelihood and timing of post-IPO M&As to various firm and industry characteristics, such as the degree of valuation uncertainty surrounding a firm, the cost of going public, and the valuation surprise realized at the time of an IPO.
Second, we assume rational investors and efficient markets in which securities are fairly priced. On the contrary, existing models assume that managers have private information about firms going public (e.g., Chemmanur and Fulghieri (1999) , Maksimovic and Pichler (2001) ). Although some information about firms going public is surely asymmetric, it is useful to know which empirical regularities about IPOs can be explained in a more parsimonious world of symmetric information. Our model shows that reduction in valuation uncertainty can get us far in understanding the link between IPO and M&A activity even in the absence of information asymmetry. In other words, asymmetric information is important, but the mechanism in our paper plays its own distinct role in linking IPOs and M&As. Our theory should hold for all acquisitions, regardless of the method of payment, in contrast to the asymmetric information theory (which predicts disproportionately many stock mergers following IPOs) and the cash infusion story (predicting disproportionately many cash acquisitions).
In addition to reducing uncertainty about firm value, performing an IPO allows a potential bidder to credibly communicate its valuation to a potential target. Importantly, while we focus our discussion and the model on the benefit of an IPO to potential bidders, firms that consider themselves potential acquisition targets have a similar motivation to go public. Our theory can be applied to the case of potential target firms.
The basic assumption behind our analysis, that firms learn their valuation from the capital market, appears reasonable. The effect of an IPO on the reduction in a firm's valuation uncertainty has been highlighted in several models. For example, Benveniste and Spindt (1989) model the process through which investors reveal their information about an IPO firm to its underwriter. In Dow and Gorton (1997) , stock market traders have information about firms' investment opportunities that managers do not have. Altı (2005) shows that IPOs result in a release of investors' private information and cause information spillovers to other firms considering going public, which, in turn, facilitates their IPOs. Similarly, Benveniste, Busaba, and Wilhelm (2002) suggest that IPO firms generate information externalities for other firms in their industry. In Chemmanur and Fulghieri's (1999) model, a firm trades off information production costs in the IPO market versus the risk premium required by private financiers. Derrien and Kecskés (2007) argue that the main reason for U.K. firms to list their shares without issuing new equity is the resulting reduction in valuation uncertainty, which leads to lowering the costs of subsequent equity offerings.
The assumption that firms' managers adjust the valuations of their firms following updates in market valuations is also supported by existing empirical evidence. For example, Brau and Fawcett (2006) document that 51% of surveyed CFOs regard the impact of post-IPO stock price on their assessment of the company's value as important. Luo (2005) finds that the market reaction to an M&A announcement predicts the likelihood of the consummation of the proposed deal, suggesting that "insiders learn from outsiders." Subrahmanyam and Titman (2001) argue that one of the reasons for the importance of market valuation is that it impacts firms' cash flows through its effect on the actions of firms' nonfinancial stakeholders.
The logic of our model is consistent with the fact that private firms that require access to public equity markets can choose between an IPO and an acquisition of a public firm or by a public firm (e.g., Brau, Francis, and Kohers (2003) ). In our model, some private firms go public through a traditional IPO, while others become public by merging directly with seasoned public firms. The sequential link between IPOs and M&As that we propose suggests that the merger/IPO decisions are not mutually exclusive but can, instead, be complementary.
To examine the economic importance of our theory, we calibrate the model using M&A and IPO data from the Securities Data Company (SDC) and analyze the quantitative (economic) effects of various parameters of the model on the likelihood of mergers following IPOs. We find that many of the parameters, especially the degree of valuation uncertainty and valuation surprise revealed at the time of an IPO, have economically important effects on the likelihood and timing of acquisitions by newly public firms. This timing dimension is generally missing in alternative theories, whose literal interpretation leads to mergers immediately following IPOs.
We also perform empirical tests of our model's predictions. The empirical evidence provides support for the predictions regarding the likelihood and timing of post-IPO mergers. The time it takes a newly public firm to attempt an acquisition of another firm is increasing in the degree of valuation uncertainty prior to the firm's IPO and in the cost of going public, and it is decreasing in the valuation surprise realized at the time of the IPO.
To summarize, our paper contributes to the IPO literature by suggesting a new motivation for going public. In addition to raising external capital, IPOs may be driven by product market competition (e.g., Maksimovic and Pichler (2001) , Stoughton, Wong, and Zechner (2001) ), market timing (e.g., Altı (2005) ), liquidity (e.g., Amihud and Mendelson (1988) ), dispersed ownership (e.g., Zingales (1995) , Mello and Parsons (1998) ), executive remuneration contracts (e.g., Holmström and Tirole (1993) ), and diversification (e.g., Benninga, Helmantel, and Sarig (2005) ). We argue that an additional important reason for a firm to go public is the resulting ability to optimally exercise its restructuring option.
Our analysis is also related to several articles that examine M&As in a dynamic framework (e.g., Lambrecht (2004) , Lambrecht and Myers (2007) , Leland (2007) , Hackbarth and Miao (2007) , Bernile, Lyandres, and Zhdanov (2011), Hackbarth and , Margsiri, Mello, and Ruckes (2008) , and Morellec and Zhdanov (2008) ). We introduce a new theme into this literature by linking IPO and M&A markets. Private firms seeking takeover opportunities exercise their options to merge with other firms either through 1-step (without an IPO) or 2-step (with an IPO) acquisitions.
The remainder of the paper is organized as follows. The next section presents the model linking the IPO and restructuring decisions. In Section III we calibrate the model using real-world data on mergers and IPOs and perform a comparative statics analysis of the likelihood of M&As following IPOs, which generates qualitative and quantitative empirical predictions. Section IV presents empirical tests of the model's predictions. We summarize our theoretical results and empirical findings and conclude in Section V. Proofs are provided in the Appendix.
II. Model
In this section we present a model that demonstrates the potential benefit of going public before engaging in M&As. The benefit of an IPO is that a publicly traded firm is able to evaluate the takeover gain resulting from a potential acquisition more precisely than a similar private firm. The ability to reduce the uncertainty regarding the future takeover surplus allows a public firm to exercise its option to merge optimally, whereas a private firm has to base the restructuring (merging) decision on incomplete information about the potential takeover gain. The trade-off between the benefit of going public and the direct cost of doing so provides interesting predictions regarding the driving forces behind the IPO decision, its optimal timing, and the timing of subsequent acquisitions.
In the model we focus on the case in which a private bidder contemplates a merger with a potential public target and may decide to go public in order to be able to exercise its restructuring option optimally. Note, however, that our model is fully adaptable to the opposite case, in which a privately held target goes through an IPO to increase the value of its option to be acquired, and almost identical results are obtained.
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The dynamic nature of our real options model is essential for our analysis. The values of the option to go public and the option to engage in a merger depend on when these options are exercised. The optimal timing of their exercise is endogenously determined in the model, which generates numerous predictions regarding the expected time between IPOs and subsequent takeovers. Such predictions could not be obtained in a static model. Furthermore, our model 2 It can be shown that our model also holds for the case in which a firm's role as a potential bidder or target is not predetermined at the time of IPO and depends on the post-IPO evolution of firm values. The model can also be extended to the case of a private bidder considering an acquisition of a private target and to the case in which a firm going public can choose whether to become a bidder or target. These extensions, as well as other unincluded extensions we mention later, are available from the authors.
allows quantifying the effects of firm and industry characteristics on probabilities of observing post-IPO takeovers and their timing. We follow Morellec and Zhdanov (2005) and Hackbarth and Morellec (2008) and assume that there exist 2 firms: a potential bidder and a potential target with per-unit-of-capital valuations of their core businesses denoted by X(t) and Y(t), respectively, at time t.
4 The bidder's and target's capital stocks are denoted by K B and K T , respectively.
Initially, the potential acquirer is a privately held company. Absent a value attributed by market investors, the bidder has only a noisy signal about its true value. Therefore, X is the private bidder's management's subjective estimate of its value. The true per-unit value of the bidder's capital is X TRUE = X(1 + ε). The valuation error, ε, is not observed by management, since, as argued in the Introduction, dispersed investors may have information about the value of the firm's capital that the management does not have. Thus, management's valuation is almost always either strictly below (ε > 0) or strictly above (ε < 0) the true value. We further assume that management's valuation is unbiased, E(ε) = 0 (X = E(X TRUE )), and that ε is drawn from a uniform distribution with support [−λ, λ], where λ > 0. 5 The distribution of the valuation error is assumed to be known to management. Since the target is public, its true per-unit-of-capital stock market valuation, Y TRUE , is known. As mentioned previously, the model can be adjusted to the case of a private target whose subjective valuation, Y, is unbiased:
In what follows, we slightly abuse the notation and write Y instead of Y TRUE .
Note that our assumptions do not imply that there is misvaluation or that financial markets are inefficient. As long as the bidder is private, its market valuation is not observable. This precludes the bidder's management from knowing the precise value of the firm. We also assume that the target's management has the same beliefs about the value of the bidder as the bidder's management, so there is no information asymmetry between the bidder and the target, but the valuation of the bidder's capital is noisy. As becomes clear later, the imperfect information about the bidder's value affects the value of its option to merge with the potential target.
The bidder management's subjective valuation and the target's valuation are governed by the following stochastic processes:
where μ X < r, μ Y < r, σ X > 0, and σ Y > 0 are constant parameters and W X and W Y are standard Brownian motions on (Ω, F, P). In addition, we assume that the correlation coefficient between the two sources of uncertainty, W X and W Y , is constant and equals ρ.
Assumption 2. IPO and Valuation Uncertainty
We assume that the (initially privately held) bidder has an option to become public by going through an IPO. If the bidder goes public, the market's (true) per-unit valuation, X TRUE , is revealed to both the bidder and the potential target and is assigned to the bidder's stock of capital. Thus, an IPO eliminates uncertainty regarding the bidder's value. It is worth noting that, while our assumption that all uncertainty about the bidder's value is eliminated following the IPO may be deemed extreme, it is made for the sake of simplicity. Identical qualitative results are obtained under the assumption that the valuation uncertainty is only partially reduced as a result of the IPO.
In our setting, a reduction in the bidder's valuation uncertainty potentially increases its value because it allows the bidder to choose the timing of its future acquisitions optimally. While it is possible to eliminate valuation uncertainty in ways other than going through an IPO (i.e., by merging "blindly" with a public target and using it as a "shell" (e.g., Brau et al. (2003) ), such mechanism of going public would not lead to optimal acquisition timing. Thus, in our model, which is applicable to private firms seeking to grow via takeovers, an IPO is the only method of reducing valuation uncertainty in a way that can contribute to firm value.
Assumption 3. Takeover Gain and Cost
At any time t > 0, the bidder and target can negotiate a takeover deal. We follow Morellec and Zhdanov (2005) and Hackbarth and Morellec (2008) by assuming that the combined firm's posttakeover value is a linear combination of the bidder's and target's pretakeover true values of capital. In addition, we follow Lambrecht (2004) and assume that each party incurs a fixed direct cost of going through a merger. This cost is assumed proportional to the value of each firm's capital. In particular, the posttakeover value of the combined firm is given by
where α is the "takeover gain factor" and c > 0 is the "cost factor." A merger can occur only if the takeover gain exceeds its cost for some levels of X TRUE and Y. (A necessary condition for the possibility of takeover is αK T − cK B > 0; this expression is the increase in the net takeover gain caused by a marginal increase in the value of the bidder's capital, X TRUE .) Since the target is public and the combined postmerger firm is public regardless of the bidder's premerger status, it is natural to assume that the takeover gain is a function of the true value of the bidder (as opposed to the bidder management's subjective valuation if it is private).
At the time of the merger, the combined bidder's and target's takeover gain, G C (X TRUE , Y), equals the combined takeover surplus net of merger cost:
Note that the takeover gain in equation (3) is the "true" net takeover surplus, which is not equal to the change in the value of the combined firm relative to the sum of the pretakeover target's value and private bidder management's subjective valuation. The reason is that at the time of the takeover, the private bidder management's valuation error, ε, and the true per-unit-of-capital bidder's value, X TRUE , are revealed. Thus, a takeover by a private bidder of a public target results in a gain or loss equaling K B Xε in addition to the realized takeover surplus. However, this gain/loss is a random variable with 0 mean from the private bidder's perspective and, as will be shown later, it does not affect the restructuring decision.
Importantly, the setup of the model limits us to an analysis of a merger between firms with physical capital, in which the synergies follow from the superior ability of a bidder to utilize a target's capital. Our model is silent about the motivations for and the outcomes of takeovers by private raiders, leveraged buyouts (LBOs), and management buyouts (MBOs), in which a bidder only provides its management's expertise in managing the target's capital, while not contributing capital of its own. Equation (3) shows that the takeover surplus can be positive only when the acquiring firm has a higher valuation of its capital than the target (X TRUE > Y). If this is the case, restructuring results in a more efficient allocation of resources. This specification is consistent with the Q-theory of mergers (e.g., Jovanovic and Rousseau (2002) , Lambrecht (2004) ) that treats takeover targets as the bidders' source of capital. According to the Q-theory, mergers are a tool to efficiently allocate capital to the most productive users. Similarly, in Maksimovic and Phillips' (2002) model, less productive firms sell their capacity to more productive ones. Maksimovic and Phillips (2001) provide plant-level empirical evidence consistent with efficient reallocation of resources in mergers and conclude that "the gain in productivity of assets under new ownership is higher when the selling firm's productivity is low and is higher the more productive the buyer." Thus, it is natural to assume that the takeover gain is larger the larger the contribution of a more efficient bidder to the value of the target's capital.
Assumption 4. IPO Cost
Going public is not free. The underwriting fees make an IPO a costly undertaking. We assume that if the potential bidder decides to go public, a cost proportional to the true value of its capital, ηK B X TRUE , must be incurred, where η > 0.
All parties are risk neutral; the risk-free discount rate is r.
B. Solution
The timing of a potential takeover depends on the combined net takeover surplus as well as its allocation between the bidder and target. Also, as discussed later, the restructuring policy depends on whether the bidder's true value, X TRUE , is known (i.e., whether the bidder has become public prior to launching a takeover bid or has decided to stay private). The difference between the optimal takeover strategies of a private bidder and a public one drives the decision to go public and its timing, and it is at the core of our model.
We begin the analysis by finding the takeover timing that maximizes the value of the restructuring option. We perform this analysis first for the case of a public bidder and then proceed to the private bidder case. We then consider the optimal IPO timing of a potential bidder that is initially private. The decision to go public involves the trade-off between the benefit of being able to exercise the restructuring option optimally and the IPO cost.
Our solution technique relies on finding the fractions of the takeover surplus that accrue to the bidder's and target's shareholders, so that the 2 firms would have identical optimal restructuring policies. (The 2 firms would be willing to exercise the merger option at exactly the same time.) Suppose that the takeover agreement specifies that a fraction ξ of the combined takeover surplus accrues to the bidder's shareholders upon takeover consummation (ξ is determined endogenously later). Such an agreement implies that the net gain that the bidding firm's shareholders extract from the merger,
whereas the surplus accruing to the target's shareholders,
The 1st term in equation (4) is the share of the bidder's shareholders in combined takeover surplus. The 2nd term is the bidder's cost of merging. Similar interpretation applies to the target's shareholders' net gain in equation (5). 6 Because the private bidder's valuation surprise is a random variable with 0 mean, regardless of whether the bidder has gone public or remained private, its optimal restructuring policy is determined by maximizing the value of its option to merge. The value of that option and its optimal exercise strategy depend on the bidder's true valuation, X TRUE . While a public bidder, with known X TRUE , can optimize its merger timing depending on its value, a private bidder, which treats X TRUE as a random variable with known distribution, can only select its restructuring policy by maximizing the expected value of the option to merge (where the expectation is formed over the distribution of the valuation surprise, ε).
Acquisition by Public Bidder
The value of the option to merge depends on the true values of the bidder's and target's capital, X TRUE and Y, respectively. Since the values of total net takeover gain in equation (3) and the bidder's and target's shares of the surplus net of their cost of merging, in equations (4) and (5), respectively, are linearly homogenous in X TRUE and Y, the value of the restructuring option depends on the relative values of the bidder's and target's capital stocks. Thus, the optimization program can be reduced to a 1-dimensional one, with the state variable given by the ratio of the stochastic valuations of the bidder's and target's capital. The value of total takeover gain in equation (3) can be rewritten as
where R = X/Y. We first solve the bidder's optimization problem while assuming an exogenous fraction of takeover surplus accruing to the bidder, ξ. We then solve the target's optimization problem assuming exogenous ξ. Finally, we find the equilibrium sharing rule by ensuring that the bidder and target have the same takeover thresholds.
The public bidder solves the following optimization program:
where R * BPUB is the bidder's optimal restructuring threshold,
is the value of its restructuring option given the current value of R, R 0 , and β is the positive root of the following quadratic equation:
The value of the merger option is a function of the valuation error, ε, the share of the combined surplus accruing to the bidder's shareholders, ξ, and the current value of R. We show in the Appendix that the optimal restructuring policy of the public bidder, obtained as a solution to expression (7), is to merge at the 1st time R = X/Y reaches a threshold R * BPUB from below, given by
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where R * TPUB is the optimal restructuring threshold of a target being acquired by a public bidder. The solution of the target's program in expression (10) results in the target's optimal restructuring strategy. This strategy is to merge at the 1st time the stochastic process R = X/Y reaches R * T PUB from below, given by
where β is given in equation (8).
Note that the bidder's optimal restructuring threshold, R * B PUB
, is decreasing in the fraction of the takeover surplus it is entitled to, ξ. When the bidder receives a higher proportion of combined equity, it is willing to speed up the exercise of the restructuring option. Similarly, the target's optimal restructuring threshold is increasing in ξ (decreasing in
and R * T PUB are decreasing in the valuation surprise, ε, because the value of the overall takeover gain is increasing in ε.
In the equilibrium that maximizes the combined value of the bidder's and target's options to merge, the optimal bidder's and target's restructuring thresholds coincide. The equilibrium merger threshold can be found by equating expression (9) with expression (11):
Solving expression (12) for ξ yields the equilibrium fraction of the merger surplus accruing to the bidder, ξ * :
and the equilibrium merging threshold, R * PUB for the case of public bidder:
Equation (13) shows that 2 factors affect the equilibrium allocation of the merger surplus to the bidder's and target's shareholders: the firms' relative capital stocks and the benefit of the merger relative to its cost. Equation (14) implies that the optimal restructuring policy depends on the valuation surprise, ε. The higher the ε, the higher the true per-unit-of-capital value of the bidder's capital stock, X TRUE = X(1 + ε), the larger the restructuring gain (which depends on the difference between X TRUE and Y), and the higher the value of the option to merge. This implies that the higher the ε, the lower the level of R * PUB at which the merging firms exercise their restructuring option. Importantly, for any α satisfying αK T − cK B > 0, there is a threshold, R * PUB , such that when R = X/Y reaches it, a merger occurs.
An important quantity in our analysis is the value of the option to merge. As we show later, the difference between the value of this option for a public bidder and that for a private bidder determines the optimal decision of whether (and when) to go public. The value of the option to merge depends on whether the stochastic shock is sufficiently high that the firms should merge immediately, or it is not high enough, in which case it is optimal to wait. We show in the Appendix that in the latter case, in which the current state of the stochastic shock, R 0 , is below the equilibrium restructuring threshold, R * PUB , the present value of the public bidder's option to merge is given by
It is also important to note that the market value of the public bidder, V B PUB , is different from the stand-alone value of its capital because the former takes into account the value of the option to merge:
The takeover gain is a function of per-unit values of the bidder's and target's capital. In our model, in which there is no parameter uncertainty for public firms, per-unit-capital valuations can be backed out unambiguously from firms' market values. If R 0 exceeds R * PUB , then it is optimal to merge immediately, and the value of the bidder's option to merge (which equals the takeover gain) is given by
As expected, the value of the bidder's option to merge is increasing in the valuation error, ε, and in the synergy parameter, α, and is decreasing in the merger cost parameter, c.
Acquisition by Private Bidder
We now turn to the optimal restructuring threshold of the private bidder, which does not know the precise value of X TRUE , but knows that it is a random variable with known distribution. As in the public bidder case, the private bidder's objective is to maximize the present value of its option to merge with the target, O B PR , by choosing the optimal merging threshold, R * B PR :
where E ε denotes expectation over the distribution of ε. Similarly, the target maximizes the value of its share of the takeover surplus by solving the following optimization program:
The equilibrium is constructed in the same way as in the case of a public bidder discussed previously. The equilibrium merging threshold is now given by
whereas the equilibrium share of the private bidder in the merged entity is the same as in the public bidder case and is given by equation (13).
Similar to the public bidder case, the value of the private bidder's option to merge is given by
if the current state of the stochastic shock, R 0 , is below the equilibrium restructuring threshold R * PR . If R 0 exceeds R * PR , then it is optimal to merge immediately, and the value of the option to merge equals
The comparison of the equilibrium restructuring thresholds for the cases of public and private bidders, in equations (20) and (14), respectively, demonstrates that the private bidder is at an obvious disadvantage. It does not know its precise valuation, which affects the value of the potential merger gain. The private bidder is, thus, unable to optimally exercise its option to merge. In the presence of imperfect information, a merger involving the private bidder almost always happens either too early or too late. In particular, if ε > 0, then the public bidder's optimal restructuring threshold, given in equation (14), is lower than that of the private bidder, given in equation (20) . In this case, the private bidder underestimates the value of the potential takeover gain and exercises its restructuring option inefficiently late. The relation between the 2 thresholds is reversed for ε < 0.
Because of the inefficient exercise of the option to merge, the private bidder has an incentive to go public and learn its true valuation parameter, X TRUE , and, equally importantly, to make itself known to the target. By eliminating the valuation uncertainty, the bidder can increase the value of its restructuring option. The decision of whether (and when) to go public is based on the trade-off between this benefit and the IPO cost. This trade-off is analyzed next. In the next section we show qualitatively that going public may be beneficial. The calibration exercise in Section III quantifies the value of the option to go public and shows that the economic significance of the option to perform an IPO is nontrivial.
Optimal IPO Timing
The private bidder can follow 1 of 2 possible strategies. It can either go public at some future date, pay the IPO cost, learn its valuation surprise, ε, and then merge optimally with the target; or, alternatively, it can merge blindly as a private firm. If it decides to go public, it maximizes the present value of the restructuring option net of the IPO cost by optimally choosing the timing of the IPO. The present value of its restructuring option net of the IPO cost is given by
is the value of the option to merge if the bidder goes public at R IPO , given in equations (15) and (17) for different values of ε. The IPO decision takes the form of an upper threshold, R IPO , such that when R = X/Y first reaches R IPO , the option to go public is exercised by paying the IPO cost. Here, τ R IPO is a stopping time upon reaching the IPO threshold, R IPO . If the bidder stays private, the value of its restructuring option, O B PR (R 0 ), is given by equation (21). Therefore, the net gain from going public is given by the
If this gain is positive, the benefit of going public dominates the IPO cost, and going public prior to merging is the optimal strategy. Otherwise, the optimal solution is to stay private. We show in the calibration exercise later that the option to go public has nontrivial value for reasonable parameter values. In other words, the ability to exercise the restructuring option at an optimal time has an economically meaningful effect on firm value. In what follows, we derive the value of the restructuring option for a private bidder that decides to go public, O B IPO (R 0 ), for all possible values of the IPO threshold. The functional form of the gain from the IPO depends on its timing, determined by the IPO threshold, R IPO . In particular, there are 3 regions to be analyzed.
In this region, the option to merge is never exercised immediately after going public. A situation in which a merger announcement immediately follows the IPO is ruled out, since for any possible value of ε, the corresponding equilibrium merging threshold of a public bidder, R *
, is higher than the current state of R, R IPO < R * PUB (ε). Since an immediate merger is never optimal, going public in this region cannot be optimal either. The reason is that the expected present value of the IPO cost is proportional to R 1−β IPO , and is, thus, decreasing in R IPO . Thus, it is always better to wait at least until R reaches the value of (β/(β − 1))(
In this region, 2 scenarios are possible after the potential bidder goes public at R IPO and learns its valuation surprise, ε. If the value of the stochastic process at IPO is higher than the merging threshold of the public bidder,
, then it is optimal to exercise the restructuring option immediately following the IPO, and the value of the restructuring option is given by equation (17).
If, on the other hand,
, then it is optimal to merge at a higher state of the stochastic process,
, and the value of the merger option is given by equation (15). In this region, as R IPO increases, the range of values of ε for which the bidder's optimal merger threshold is below R IPO shrinks.
Integrating the values of the public bidder's option to merge in equations (15) and (17) over all possible values of ε and subtracting the IPO cost yields the following value of going public:
where ε * is the value of ε leading to the merger threshold, R * PUB , in equation (14) to be equal to R
The 1st term in equation (25) refers to the case in which it is not optimal to exercise the restructuring option immediately after the IPO; the 2nd term refers to the case of immediate exercise of the merger option; and the 3rd term is the IPO cost. The result of integrating equation (25) is presented in the Appendix.
In this region the option to go public is worthless. Regardless of the true value of ε, the optimal restructuring policy is to merge immediately, and the restructuring options of the private and public bidders have identical values. As a consequence, a merger-driven IPO will never be observed in this region.
In the next section we calibrate the model using data on IPOs and M&As. This calibration exercise will guide us in the comparative statics analysis later, the goal of which is to examine the effects of the model's parameters on the timing of IPOs and mergers and on the likelihood of acquisitions following IPOs.
III. Data, Model Calibration, and Empirical Predictions A. Data and Calibration
We obtain data on IPOs and M&As from Thomson Financial's SDC New Issues and Mergers and Acquisitions databases, respectively. Our data set contains IPOs and takeover attempts that occurred between 1981 and 2007. To be included in our initial sample, a merger has to satisfy the following criteria:
i) The deal does not belong to any of the following categories: minority stake purchase, acquisition of remaining interest, acquisition of division, asset swap, divestiture, or spin-off.
ii) The deal is not an LBO.
The 1st restriction ensures that an attempted transaction, if successful, would result in a change of corporate control. The 2nd condition is meant to restrict the sample to mergers between firms with physical capital, which can be utilized more productively as a result of a merger, as opposed to pure change of control of a single firm with existing physical capital, as in the case of a typical LBO. Our final sample contains 11,257 successful and unsuccessful attempts to acquire public and private targets. 7 In what follows we refer to both successful and unsuccessful acquisition attempts as mergers.
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To be included in the IPO sample, the company must perform an IPO on 1 of the 3 major exchanges, and must have a filing and/or issue date available in the SDC database. We define an IPO date as the filing date. If the latter is unavailable, we use the issue date as the IPO date. We exclude rights issues, unit issues, reverse LBOs, real estate investment trusts (REITs), closed-end funds, and American 7 Because many of the model's parameters are calibrated using Center for Research in Security Prices (CRSP) and Compustat data, the number of observations used in computing the data moments is smaller in most cases. 8 The results are robust to restricting the sample to successful mergers. Also, the results are robust to excluding hostile takeovers, as identified by SDC. These results are available from the authors.
Depositary Receipts (ADRs). In addition, we exclude firms with an offer price of less than $1 or with net proceeds of less than $1 million. Finally, we require that IPO firms have accounting data available in the Compustat database. Our final sample contains 6,552 IPOs. The model's parameters are calibrated as follows.
Valuation Surprise, ε
We use 3 measures of valuation surprise. The 1st measure is the revision of the IPO offer price relative to the midpoint of the initial filing range.
9 An offer price revision reflects learning that occurs during the registration period. The mean value of offer price revision in our sample is 0.6%, the median is 0, and the 5th and 95th percentiles are −32.8% and 36.4%, respectively.
The offer-price-revision-based measure of valuation surprise may be biased toward 0 for 2 reasons. First, the initial filing range already reflects some information about the firm, collected by underwriters during the due diligence process. Second, Hanley (1993) , Bradley and Jordan (2002) , and Ritter and Welch (2002) report that offer price revision is positively related to IPO underpricing, leading to the conclusion that the adjustment to public information in the offer price revision is only partial, consistent with Benveniste and Spindt's (1989) information acquisition model.
Because of this potential bias, we use the 2nd measure of valuation surprise (the surprise component of IPO underpricing), measured as the unexpected portion of the newly public firm's 1st-day return. The 1st-day return reflects the difference between the firm's market valuation and its final (offer) valuation by the IPO underwriter. 10 We use the unexpected component of underpricing because of the extant evidence that the distribution of 1st-day IPO returns does not have 0 mean (e.g., Beatty and Ritter (1986) , Hanley (1993) , and Loughran and Ritter (2004) ). To gauge the surprise component of underpricing, each year we estimate predictive regressions of 1st-day returns as in Bradley and Jordan (2002) , who show that up to 1 /2 of IPO underpricing is predictable, using all IPOs in the year preceding the firm's IPO:
RET1 i is firm i's 1st-day post-IPO return, and z i is a vector of firm i's characteristics, which include share overhang (pre-IPO shares divided by shares filed), offer price revision, venture capital (VC) backing indicator, mean 1st-day return for all IPOs that occurred in the month preceding the firm's IPO, high-tech indicator, NASDAQ indicator, IPO market share of lead underwriter, natural logarithm of issue amount, cumulative return on the NASDAQ index for 3 weeks prior to the 9 This definition of offer price revision is also employed by Bradley and Jordan (2002) , Ljungqvist and Wilhelm (2003) , and Lowry, Officer, and Schwert (2010) , among others. We also attempted to control for the time variation of mean offer price revision by subtracting annual mean revision from each offer price revision, and for changes in market conditions during the offer period by subtracting market return over the offer period from the offer price revision. All of the results are robust to these definitions of valuation error. 10 The results reported later are unaffected by measuring longer-term post-IPO returns in order to circumvent the effects of initial price support by IPO underwriters (e.g., Lowry et al. (2010)).
IPO, reciprocal of midrange file price, and dual-class stock indicator variable.
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We then use estimated coefficients from equation (26) to construct expected and unexpected components of 1st-day returns. The signs and significance levels of the coefficients in equation (26) are fully consistent with the results in Bradley and Jordan. 12 The standard deviation of the surprise component of the 1st-day return is 37.7%, its mean is 0 by construction, its 5th percentile is −34.2%, and its 95th percentile is 46.7%.
Our 3rd measure of valuation surprise combines the offer price revision and the unexpected part of the 1st-day return. Consistent with the evidence in Hanley (1993) and Bradley and Jordan (2002) and the unreported results of estimating equation (26) for our sample period, offer price revision and underpricing are positively correlated. The standard deviation of the 3rd measure of valuation surprise is 51.2%, and its 5th and 95th percentiles are −50.6% and 75%, respectively.
Valuation Uncertainty, λ
In the model, the distribution of the valuation surprise, ε, is uniform, with bounds −λ and λ. Since our 3 proxies for ε are centered around 0 (their medians equal 0 and their means are insignificantly different from 0), we base our 3 proxies for λ on the distributions of the absolute values of the 3 measures of ε, |ε|. Under the uniform distribution assumption, E(|ε|) = λ/2. Thus, our estimate of λ is 2|ε|, where |ε| is the in-sample mean absolute valuation error, i |ε i |/n, n being the number of IPOs in our sample with information on offer price revision and/or unexpected portion of underpricing. The estimated values of the 3 measures of λ are 29.4%, 37.2%, and 55.8%. We estimate the direct cost of going public as the ratio of the sum of the gross IPO spread and other direct expenses divided by the share overhang (the ratio of shares retained by nonselling shareholders to shares sold in the IPO).
14 The reason for normalizing the IPO cost by share overhang is that the gross spread and direct expenses are computed relative to the value of newly issued equity. In our model, on the other hand, IPO cost is defined as a fraction of overall preissue firm value. The mean IPO cost relative to pre-IPO firm value, which we use as the estimate of η in the calibration, is 1.56%.
Merger Cost, c
We proxy for the cost of the merger by the sum of the after-tax restructuring cost and the combined bidder's and target's merger advisory fees, normalized 11 See Bradley and Jordan (2002) for the definitions of independent variables in equation (26). Bradley and Jordan's model is also used in recent work by Kecskés (2008) . Estimating a regression similar to equation (26) using control variables suggested by Loughran and Ritter (2004) provides results similar to those reported. 12 The results of the estimation of equation (26) are available from the authors. 13 Under uniform distribution, assumed in our model, the standard deviation of the valuation surprise is λ/ √ 3. Thus, an alternative measure of λ is √ 3 times the standard deviation of ε. The values of the 3 measures of λ obtained this way are 28.8%, 40.6%, and 55.7%.
14 See Chen and Ritter (2000) for an extensive study of gross spreads.
by the bidder's and target's combined premerger market values. The restructuring cost averages 0.47% of the firms' premerger value in our sample, while the advisory fees average 0.22%, resulting in the overall estimate of the cost of merger, c, of 0.69%.
Relative Target Size, KT/KB
We proxy for the relative levels of the bidder's and target's capital by the ratio of their book assets at the end of the year preceding the acquisition announcement. The mean ratio of target's to bidder's book assets is 0.49.
Takeover Gain Factor, α
In the model, the takeover gain is described by α, the bidder's ability to utilize the target's capital more productively. It follows from equation (3) that the increase in the combined bidder's and target's value equals the takeover gain net of its cost:
where RET B and RET T are the bidder's and target's announcement returns, MV B and MV T are their preannouncement market values, and RET BT is the combined bidder's and target's dollar return normalized by the target's market value. It follows from expression (27) that
The value of productive capital is determined by the expected cash flows (profits) produced by it. Thus, capital valuation is expected to be related to profit per unit of capital (i.e., return on assets (ROA)). Therefore, we use the ratio of the bidder's and target's ROA at the end of the year preceding the takeover as a proxy for the relative valuation of their respective capital stocks, X TRUE and Y. ROA is defined as the ratio of annual profit to beginning-of-year book assets. The mean bidder's ROA in our sample is 0.134, while the mean ROA of public targets is 0.112. The mean takeover gain relative to the target's value in our sample, RET BT , is 38%. As discussed previously, the takeover cost, c, and the ratio of the target's size to the bidder's size, K T /K B , are estimated to be 0.69% and 0.49, respectively. The resulting estimate of α is 2.06. We estimate the bidder's and target's capital valuation drift parameters as the differences between the merging parties' payout yields and the typical riskfree rate during our sample period. We proxy for the mean risk-free rate by the yield on a 3-month T-bill averaged on a monthly basis throughout our sample period. The payout yield is computed as in Boudoukh, Michaely, Richardson, and Roberts (2007) , as the sum of annual dividends, purchases of common and preferred stock, and reduction in the value of preferred stock outstanding, divided by the market value of equity at the beginning of the year. The mean 3-month T-bill yield equals 6.05%. The mean payout yield of bidders (public targets) is 5.23% (5.45%). Our resulting estimates of μ B and μ T are 0.82% and 0.6%, respectively.
8. Bidder's and Target's Volatility and Correlation Parameters, σB, σT, and ρ
In estimating σ B and σ T , we follow Strebulaev (2007) and compute the standard deviation of unlevered monthly returns of each bidder and target in the year preceding the year of acquisition. Unlevered return is defined as the product of raw return and the ratio of the market value of equity to the sum of the market value of equity and the book value of debt. Since the autocorrelation of monthly returns is virtually 0 in our sample, to annualize our estimates we multiply each estimated standard deviation by √ 12. We then compute mean annual standard deviations of unlevered returns using all available observations for bidders and targets.
The correlation coefficient between the bidder's and target's stochastic processes, ρ, is estimated as the mean correlation between the bidder's and target's monthly returns in the year preceding the year of the merger, in cases where both series of monthly returns are available. Our resulting estimates of σ B , σ T , and ρ are 24.7%, 26%, and 18.4%, respectively. Table 1 summarizes our calibration exercise and the resulting estimates of the model's parameters. The table specifies the sample(s)/data source(s) used in calibration, mean values of the inputs used, and the number of available observations for each input.
B. Comparative Statics and Empirical Predictions
Equipped with calibrated parameters of the model, we proceed to examine the effects of these parameters on the IPO and restructuring thresholds. This analysis leads to empirical predictions regarding the determinants of the time that is expected to elapse between an IPO and subsequent merger. While the model features numerous parameters that could be used in comparative statics exercises, leading to empirical implications, we concentrate on core predictions regarding the effects of valuation uncertainty, realized valuation surprise, and IPO cost on the relative timing of IPOs and M&As. As we discuss later, these predictions are unique to our model and distinguish it from alternative theories linking IPOs and acquisitions.
We begin by examining comparative statics of the restructuring threshold with respect to valuation surprise realized at the time of IPO for the base case of parameter values. The dashed line in Figure 1 represents merger threshold, while the solid line represents IPO threshold.
Clearly, the IPO threshold does not depend on the valuation surprise, as the latter is realized after the IPO has occurred. The merger threshold, on the other hand, is decreasing in the valuation surprise for ε < 0.38, as discussed in the . Here, ε is the valuation error; λ is the valuation uncertainty parameter; η is the IPO cost; α is the takeover gain factor; c is the merger cost; K B /K T is the target's relative size; μ B and μ T are the drift parameters in the bidder's and target's valuation processes, respectively; σ B and σ T are the respective volatility parameters; and ρ is the correlation between the 2 processes. Calibrated values refer to the result of the calibration and serve as the vector of base-case parameter values. The Inputs column presents the variables used in the calibration procedure for each parameter. The Mean column reports the average value of each of the included variables. The last column reports the number of observations used to estimate each variable. 
FIGURE 1
Optimal IPO and Takeover Thresholds and Valuation Surprise previous section. For ε ≥ 0.38, on the other hand, the merger occurs immediately after IPO. This is because for high levels of ε, the value of the stochastic process R at the time of the IPO, R IPO , is higher than the optimal restructuring threshold, R * PUB . For slightly lower levels of ε, an immediate merger is not optimal, but it is likely that R will reach R * PUB soon after the IPO. Prediction 1. i) When a merger follows an IPO, the time between the IPO and merger is expected to be decreasing in the valuation surprise realized at the time of the IPO. ii) The likelihood of observing a post-IPO merger within a given time period is expected to be increasing in the valuation surprise.
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To examine the economic significance of the effect of valuation surprise on the timing of a post-IPO merger, in Table 2 we compute the probability of observing a post-IPO merger for various levels of ε within a certain time following IPO (1, 2, 3, and 5 years), keeping the other parameters of the model at their base level. 16 The probability density function for the distribution of times between an IPO and subsequent merger is
where δ(t) is Dirac's delta function. The resulting cumulative distribution function (CDF) is
The 1st derivative of this CDF with respect to R * PUB /R IPO is negative (the proof is available from the authors); therefore, the likelihood of observing a merger at or before time t is decreasing in R * PUB /R IPO .
Consistent with the results in Figure 1 , Table 2 shows that higher valuation surprise increases the probability of a merger in 1-to 5-year time frames. As the value of ε approaches the critical threshold of 0.38, the probabilities of a merger in all time frames converge to 1. As discussed previously, for ε > 0.38, an immediate merger is optimal.
Next, we examine the comparative statics of the IPO threshold, R IPO , and the merger threshold of a private bidder, R * PR , with respect to the degree of valuation uncertainty, λ. Note that R * PR also corresponds to the restructuring threshold of a public bidder whose valuation error, ε, equals 0.
The solid line in Figure 2 represents the optimal IPO threshold, if going public is the optimal strategy. The dashed line represents the takeover threshold of a private bidder (or, alternatively, the takeover threshold of a public bidder with valuation surprise ε = 0). Note that the takeover threshold is not a function of valuation uncertainty, λ. On the other hand, valuation uncertainty is a key determinant of the decision of whether and when to go public. It is worth going through a costly IPO in order to learn the value of a potential merger gain only if there is indeed something valuable to be learned, that is, if there is sufficient uncertainty regarding the true value of a potential bidder's capital stock (and the corresponding merger gain should the bidder decide to acquire the target). An increase in λ raises the probability of high valuation surprise (and the probability that the optimal merger threshold is low) and, therefore, increases the cost of waiting, making an earlier IPO more attractive. Consistent with this logic, Figure 2 shows a negative relation between λ and the IPO threshold.
FIGURE 2
Optimal IPO and Takeover Thresholds and Valuation Uncertainty For the base-case set of parameter values, the critical value of the valuation uncertainty parameter is λ = 0.39. Lower valuation uncertainty makes the IPO option unattractive because the benefit of learning X TRUE is lower than the IPO cost. When λ is low, there is not much to be learned by going public, and the firm stays private. On the other hand, for λ > 0.39, the value of the IPO's potential benefit is sufficiently high, and the firm prefers to go public. In that region, the optimal IPO threshold is decreasing in λ. The greater the valuation uncertainty, the greater the value of the option to learn the true value of the bidder, and the sooner this option is going to be exercised. Importantly, Figure 2 does not imply that there are no firms with λ < 0.39 that find it optimal to go public. Firmspecific threshold λ depends on all other parameter values and could be lower than λ = 0.39.
Because the IPO threshold is decreasing in λ, while the average takeover threshold is independent of λ, increasing λ widens the gap between the optimal IPO threshold and the (average) merger threshold, increases the time that is expected to elapse between the IPO and the merger attempt, and reduces the probability of a merger within a fixed time period following the IPO. Figure 2 leads to the following empirical prediction:
Prediction 2. i) When a merger follows an IPO, the time between the IPO and merger is expected to be increasing in the degree of valuation uncertainty. ii) The likelihood of a post-IPO merger within a given time period is expected to be decreasing in the degree of valuation uncertainty.
In order to examine the economic significance of valuation uncertainty on the likelihood and timing of a post-IPO merger, in Table 3 , we compute the likelihood of a merger occurring within 1, 2, 3, and 5 years following the IPO for different combinations of the key model parameters: valuation uncertainty, λ, and the cost of going public, η. (The values of the rest of the parameters are kept at the base-case level.)
The effect of valuation uncertainty on the likelihood of observing a merger within a given time frame is significant. For example, when the cost of IPO, η, is kept at the base-case level (1.56), reducing the valuation uncertainty parameter, λ, by 0.1 relative to its base-case value of 0.558 results in an increase in the likelihood of a merger within 1 year of an IPO by almost 4 percentage points, from 39.0% to 42.9%. Reducing λ from 0.758 to 0.358 increases the probability of a merger within 5 years from 46.6% to 66.5%. Relatively low information uncertainty (λ=0.358) makes IPO unattractive for relatively high IPO cost (2.56% and above), while an environment with very uncertain valuations (λ = 0.758) induces firms to go public even if IPO cost is as high as 4.56%.
Another important determinant of the decision to go public is the IPO cost, η, as demonstrated in Figure 3 .
Similar to Figure 2 , the dashed line in Figure 3 , representing the takeover threshold of a private bidder (or, alternatively, the takeover threshold of a public bidder with valuation surprise ε = 0), is not a function of IPO cost, η, since at the time of the merger this cost is sunk. The optimal IPO threshold, R IPO , is increasing in η: the costlier the IPO, the less eager the potential private bidder is to go public before attempting an acquisition. As noted in Section II, the expected present 
FIGURE 3
Optimal IPO and Takeover Thresholds and IPO Cost value of the IPO cost is decreasing in R IPO . As η increases, the private bidder chooses to postpone its decision to go public in order to reduce the present value of the IPO cost. However, by postponing the IPO decision further, the bidder also reduces the benefit of going public, as it becomes more likely that the optimal time to merge, corresponding to the bidder's true value, X TRUE , has already passed, and the firm is bound to exercise its restructuring option inefficiently late. The optimal IPO timing is determined by the trade-off between these two effects.
For the typical set of parameter values, a regime shift occurs at η = 3%. While it is optimal for a firm to go public before attempting a merger for values of η below 3%, for values of η exceeding 3% the IPO cost becomes too high relative to the benefit of learning the valuation error. Thus, for an average firm, being able to exercise the restructuring option optimally is not worth paying over 3% of its pre-IPO value. For high values of η, a potential bidder prefers to merge blindly at the restructuring threshold R * PR in order to save the cost of going public. The expected timing of a merger is not affected by IPO cost. However, IPO cost affects the optimal IPO timing. The larger the cost of going public, the longer the firm would wait before exercising its IPO option. Consequently, the expected time between IPO and merger is decreasing in the IPO cost, leading to the following empirical prediction:
Prediction 3. i) When an IPO precedes a merger attempt, the time between the IPO and merger is expected to be decreasing in the IPO cost. ii) The likelihood of observing a post-IPO merger is expected to be increasing in the IPO cost.
As evidenced from Table 3 , the effect of IPO cost on the expected time that elapses between an IPO and a subsequent merger is economically significant. For example, increasing IPO cost, η, by 1 percentage point from its base-case level of 1.56% raises this probability of merger within 1 year by 4 percentage points, from 39.03% to 43.07%. Relatively high IPO cost (η = 4.56%) makes IPO unattractive for firms with relatively low valuation uncertainty (0.658 and below), while for the base value of IPO cost (1.56%) firms with relatively low valuation uncertainty (0.358) go public prior to merging.
IV. Empirical Tests
Predictions 1 and 2, discussed in the previous section, describe how valuation surprises realized at the time of IPO and the degree of pre-IPO valuation uncertainty affect a firm's post-IPO acquisition strategy. Importantly, these predictions do not follow from existing models of merger-driven IPOs, which do not examine the timing of post-IPO acquisitions. Prediction 3 is also unique to our model because in the cash infusion and asymmetric information theories, the cost paid at the time of IPO does not affect the timing of IPO and subsequent mergers. Thus, in these alternative models there is no link between the IPO cost and the time that is expected to pass between IPO and post-IPO acquisition. In our model, while the cost of going public does not affect the expected timing of a merger, it does affect the timing of IPO and, indirectly, the expected time that elapses between IPO and merger.
Prediction 1 states that firms that realize higher valuation surprises are likely to attempt mergers sooner than firms that realize lower valuation errors. In Table 4 we examine the relation between valuation surprises and the likelihood and timing of post-IPO acquisitions, while controlling for variables that are likely to affect firms' merger activity. Panel A of Table 4 presents the results of estimating logistic regressions in which the dependent variable, I(MERGER i ), is an indicator equal to 1 if a newly public firm attempted a merger within 60 months of its IPO, and 0 otherwise, and the independent variables are the 3 proxies for the valuation surprise revealed at the time of the IPO, ε i (offer price revision, unexpected component of IPO underpricing, and the combination of the two), and Table 4 presents estimates from logistic regressions of merger likelihood during the 5-year period following an IPO on various measures of valuation surprise realized at the time of the IPO. Panel B reports estimates from duration models in which the dependent variable is the time until post-IPO merger, with merger events censored at 5 years (see Section IV for details). The sample consists of IPOs in years 1981-2002. Valuation error is defined as i) the revision of the offer price relative to the midpoint of the initial filing range, ii) the residual from the model that predicts the IPO 1st-day return (see Section III for details), or iii) the combination of i) and ii). C&I rate spread is obtained from http://www.federalreserve.gov/releases/e2/e2chart.htm. Deregulatory event, documented in Harford (2005) , is a dummy variable equal to 1 in the year following an industry deregulation event. Abnormal return is the average of returns net of CRSP value-weighted returns of firms in the IPO firm industry in the IPO year. Noncash working capital is defined as net working capital minus cash and cash equivalents, normalized by total assets. Leverage is the sum of short-term and longterm debt divided by total assets. MV/BV is the ratio of the market value of assets to the book value of assets. P/E ratio is the stock price at the end of the IPO year divided by earnings. Assets are total assets. Excess cash is the IPO firm's cash and cash equivalents minus the median value in the same industry. All accounting variables are from the IPO year, and p-values are reported in parentheses. a vector of additional variables that were found in past studies to affect firms' propensities to acquire other firms, z i : Table 4 reports the results of estimating duration (lifetime) models in which the dependent variable is the number of months that it takes a firm that went public to make a 1st merger attempt. Here, T i denotes the time between a firm's IPO date and the earliest of i) a 1st post-IPO merger attempt, ii) the date when the firm disappeared from the sample, and iii) 60 months. An observation is considered uncensored if a firm merged with another firm within 60 months of its IPO. An observation is considered censored if a firm did not merge within 60 months of its IPO or if it disappeared from the sample within 5 years of the IPO. Here, z i denotes a vector of explanatory variables expected to be related to the time between IPO and 1st merger attempt. We estimate the parameters of the duration model by maximizing the following log-likelihood function:
where k is the number of uncensored observations (i.e., the number of IPO firms that merged within 5 years of going public), N is the number of firms that went public, f (T i ) is the probability density function for the uncensored data, and S(T i ) = 1 − F(T i ) is the survival function for censored data. We assume that f (T i ) follows a Weibull distribution. 18 Since we need to allow firms sufficient time to merge after their IPOs, the sample of firms used in the estimation of regressions in Table 4 includes all firms that performed an IPO in or before 2002.
The choice of control variables is motivated by both behavioral and neoclassical hypotheses of determinants of mergers, and generally follows Mitchell and Mulherin (1996) and Andrade and Stafford (2004) . The controls include various IPO firm characteristics: book leverage, noncash working capital, market-tobook ratio, price-to-earnings (P/E) ratio, size, cash relative to the firm's industry median, and abnormal return in the 1st post-IPO year. Also, following Harford (2005) , we include 2 additional control variables. The 1st variable is the spread between average commercial and industrial (C&I) loan rates and the Fed rate (C&I rate spread), which proxies for credit availability. The 2nd variable is deregulation shock, proxied by a dummy variable that equals 1 following a deregulation of an industry.
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Each panel in Table 4 has 3 columns, corresponding to 3 measures of ε. The results of logistic regressions in Panel A are consistent with Prediction 1 of the model. The more positive the valuation surprise revealed at the time of an IPO, the larger the probability that a merger would occur within 5 years of the IPO. These results are strong and highly statistically significant for all 3 measures of valuation surprise, as evidenced by near-0 p-values. The economic effect of valuation surprise on the likelihood of observing a merger within 5 years of an IPO is also substantial. For example, as suggested by valuation surprise's marginal effect, the probability of observing a merger within 5 years of an IPO with valuation surprise falling into the 95th percentile (ε = 75%) is higher than the probability of a post-IPO merger for an IPO with valuation surprise falling into the 5th percentile (ε = −51%) by over 6 percentage points. In addition, the coefficients on all of the control variables are consistent with the underlying theories and aforementioned empirical papers examining the determinants of M&As. For example, C&I rate spread is negatively and significantly related to the likelihood of merger, while abnormal return, market-to-book ratio, and size are positively related to it.
The results of estimating duration models in Panel B of Table 4 are also consistent with the model. The larger the valuation surprise, the shorter the time it takes a newly public firm to attempt an acquisition. Naturally, the signs of the control variables are the opposite of those in Panel A. Overall, the evidence in Table 4 is strongly supportive of the 1st timing prediction of our model and provides the 1st piece of evidence that distinguishes our model from alternative, static models relating IPOs and mergers.
Prediction 2 suggests that more time is expected to pass between an IPO and subsequent merger for firms with higher degrees of valuation uncertainty. We use 3 measures of valuation uncertainty, λ, based on the 3 measures of valuation surprises discussed previously. An IPO firm's measure of valuation uncertainty is computed as twice the mean absolute value of 1 of the 3 valuation surprise measures of all firms going public in the firm's Fama and French (1997) industry in the year preceding the firm's IPO year.
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Equipped with measures of valuation uncertainty, we can estimate logistic regressions and duration models as in equations (29) and (30), while augmenting the regressions by measures of λ. One difficulty that we face, though, is that the degree of valuation uncertainty in an industry could be related to the volatility of a firm's profit process, which, in turn, can affect the optimal timing of investments in general (and acquisitions of other firms in particular) through channels unrelated to the restructuring-option-value channel proposed in this paper. These alternative channels are numerous. On one hand, because volatility increases the value of the option to wait (e.g., McDonald and Siegel (1986) , Pindyck (1988) , among many others), the larger the reduction in volatility following an IPO the faster all investments (and mergers in particular) are going to occur. On the other hand, adjustable production functions, possibility of bankruptcy, and abandonment options are consistent with the reduction of volatility leading to increased time until investment (e.g., Roberts and Weitzman (1981) , Stiglitz and Weiss (1981) , Abel (1983) , and Leahy and Whited (1996) ).
In order to separate the restructuring-option-value effect on the timing of post-IPO acquisitions from the other effects mentioned previously, we use a control firm approach. In particular, for each IPO firm we try to find a control firm having similar characteristics. Specifically, to minimize the benchmark bias, discussed in Loughran and Ritter (2000) , for each IPO firm we locate all firms in the same Fama and French (1997) industry having total assets within 10% of those of IPO firms that have been public for at least 5 years. If this initial subset contains fewer than 3 candidate firms, we expand the range of firm sizes to be within 20% of the IPO firm. We repeat this step of widening the potential size gap to 40% of that of the IPO firm if necessary. The firm with the closest market-to-book ratio among the potential matching firms is chosen as the control firm. For our sample of 6,552 IPO firms, we find matches for 5,515 firms.
We then estimate duration models of merger timing and logistic regressions of the probability of observing a merger within a certain time period using a combined sample of IPO firms and control firms, employing the following 2 independent variables. The 1st variable is the overall uncertainty in the industry, proxied by the estimate of the previous year's industry valuation uncertainty parameter, λ. The 2nd variable is the interaction between the industry valuation uncertainty measure and a dummy variable equal to 1 for IPO firms, and 0 for control firms.
While we are agnostic about the sign of the coefficient on the measure of uncertainty, we expect the effect of the interaction variable (i.e., the effect of valuation uncertainty of IPO firms over and above overall valuation uncertainty) on the time until acquisition to be positive and its effect on the likelihood of observing a merger within a certain time period to be negative. The results are reported in Table 5 , which has the same layout as Table 4 .
The results in Table 5 are supportive of the model. Consistent with Prediction 2, the coefficients on the measures of λ interacted with the IPO indicator variable are negative in all 3 logistic regressions in Panel A and are highly significant in 2 out of 3 specifications, indicating that the likelihood of observing a merger Table 5 presents estimates from logistic regressions of merger likelihood during the 5-year period following an IPO on various measures of valuation uncertainty in the pre-IPO year in a firm's industry. Panel B reports estimates from duration models in which the dependent variable is the time until post-IPO merger, with values censored at 5 years (see Section IV for details). The sample consists of IPOs in years 1981-2002. We match each firm with a control firm using a 2-way matching procedure based on size and the market-to-book ratio. Industry valuation uncertainty (λ) is estimated using absolute values of valuation errors in a firm's Fama-French (1997) industry in the pre-IPO year. IPO valuation uncertainty is the product of industry valuation uncertainty and IPO indicator variable, equaling 1 for IPO firms and 0 for control firms. Valuation error is defined as i) the revision of the offer price relative to the midpoint of the initial filing range, ii) the residual from the model that predicts the IPO 1st-day return (see Section III for details), or iii) the combination of i) and ii). See Table  4 within 5 years of IPO is decreasing in pre-IPO valuation uncertainty. The relation between pre-IPO valuation uncertainty and the likelihood of observing post-IPO merger is economically significant. Moving from the 5th to 95th percentiles of valuation uncertainty (21% to 90%) reduces the likelihood of observing a merger within 5 years of an IPO by 4.5 percentage points. The coefficients on the overall industry valuation uncertainty are positive, but they are significant in only 1 out of 3 specifications. This suggests that for non-IPO firms, valuation uncertainty tends to speed up M&As. However, perhaps due to the potential theoretical ambiguity regarding the relation between investment opportunity uncertainty and the timing of investments, this finding is inconclusive. Consistent with the results in Table 4 , the coefficients on measures of valuation surprise are significantly positive, 21 and the signs of the coefficients on the control variables are similar to those in Table 4 . In addition, the coefficient on the IPO firm dummy variable is significantly positive. This is consistent with the cash infusion and asymmetric information theories, according to which IPO improves firms' ability to execute acquisitions.
The estimates of duration regressions, reported in Panel B of Table 5 , are fully consistent with the logistic regressions in Panel A in the sense that higher pre-IPO valuation uncertainty is associated with significantly larger time spans between IPOs and subsequent mergers for 2 out of 3 measures of valuation uncertainty.
Test of Prediction 3
Prediction 3 states that the relation between the time it takes an IPO firm to make an acquisition attempt and the cost of going public is expected to be negative and that the likelihood of observing a post-IPO acquisition within a given time frame is increasing in the IPO cost. Table 6 reports the results of estimating equations (29) and (30), augmented by the estimate of firm-specific IPO cost. In order to reduce the influence of share overhang on the empirical results, we normalize the direct cost of IPO by IPO proceeds, as opposed to normalizing them by pre-IPO firm values, as in the calibration. Table 4 The results in Table 6 provide another piece of evidence in support of the model. First, it follows from Panel A that the cost of going public is positively and significantly related to the likelihood of observing a merger within 5 years of an IPO. Second, as is evident from Panel B, the expected time that elapses between IPO and merger is decreasing in IPO cost.
To summarize the empirical section, the tests of the predictions regarding the timing of post-IPO mergers, reported in Tables 4-6, provide support for our dynamic model of optimal restructuring option exercise in the presence of the option to go public. In particular, the time that is expected to pass between an IPO and merger is decreasing in the valuation surprise revealed at the time of the IPO, is increasing in pre-IPO valuation uncertainty in the firm's industry, and is decreasing in the cost of going public. Also, the likelihood of observing an acquisition within a given time period following an IPO is found to be increasing in the realized valuation surprise, decreasing in pre-IPO valuation uncertainty, and increasing in IPO cost. As discussed previously, this evidence cannot be attributed to alternative models, which do not lead to predictions regarding the timing of post-IPO acquisitions.
V. Conclusions
We present a dynamic model of IPOs motivated by the optimal implementation of subsequent takeover strategies. A potential bidder may want to go public in order to learn the true value of its capital stock, which affects the future takeover gain it can realize. Equally importantly, an IPO makes the potential bidder's value observable to the potential target. This allows the 2 firms to exercise their restructuring options optimally. Thus, an IPO removes valuation uncertainty and leads to value-maximizing restructuring policy.
While our analysis focuses on the decision of a potential bidder to go public, it is fully adaptable to the case of a private firm that considers itself a likely acquisition target. Different from the misvaluation-based models of mergers, our model relies on rational investors and efficient markets. Although there is uncertainty regarding a private firm's valuation, there is no asymmetry between the bidder's and target's information. Since the motive for going public in our model is optimization of subsequent acquisition strategy, and since we rule out misvaluation motives for merging and for going public, ours can be considered a "neoclassical" theory of IPOs. Our theory complements the asymmetric-information-based and cash-infusion-based theories of M&As following IPOs. For example, our model is useful for explaining post-IPO cash acquisitions by firms that issue relatively little new equity during their IPOs.
In addition to illustrating a new motivation for going public, our model complements existing theories linking IPOs and M&As by generating a number of unique empirical predictions that relate the likelihood and timing of mergers following IPOs to the degree of valuation uncertainty private firms face, the valuation surprises realized at the time of IPO, and the cost of going public. Calibration of the model using 27 years of data on IPOs and M&As shows that the effects of valuation uncertainty and valuation surprises on the likelihood and timing of post-IPO mergers are economically large.
We perform empirical tests of the model's predictions regarding the determinants of the likelihood of going public prior to attempting a merger and regarding the timing of post-IPO merger attempts. Consistent with the model, the likelihood of observing a post-IPO merger is increasing in the valuation surprise realized at the time of IPO, and the time between IPO and subsequent merger is decreasing in the valuation surprise. Also, consistent with the model, the time between an IPO and a subsequent merger is increasing in the degree of pre-IPO valuation uncertainty and is decreasing in the cost of going public, while the likelihood of observing a merger within 5 years of an IPO is decreasing in the degree of valuation uncertainty and is increasing in the IPO cost.
Appendix. Proofs and Derivations
Optimal Restructuring Threshold
In what follows, we outline the solution of the model for the case of a public bidder. The solution for the private bidder case is obtained along the same lines. In the region in which it is not optimal to make a takeover bid immediately, the instantaneous change in the value of a public bidder's option to merge, O The value of the target's restructuring option, R * T PUB , is obtained along the same lines.
Equilibrium Value of the Restructuring Option
Again, we describe the solution for the case of a public bidder; the private bidder case is solved analogously. Plugging ξ * and R * B PUB in expressions (13) and (14), respectively, into expressions (A-17) and (A-13) yields the value of the public bidder's restructuring option for the region R0 < R * 
